The antioxidant activity of extracts of Acacia confusa of different ages has been evaluated. Ethanolic extracts of bark, twigs, branches (2-and 5 cm-diameter branch-bark, 2-and 5 cm-diameter branch-wood), and leaves of 15-, 25-, and 35-year-old A. confusa were examined. Results indicate that the ethanolic extracts of 5 cm-diameter branch-bark and bark of A. confusa exhibited stronger antioxidant activities, and higher phenolic and proanthocyanidin contents than the other plant parts. Furthermore, twig, 2 cm-diameter branch-wood, 2 cm-diameter branch-bark, and 5 cm-diameter branch-wood extracts of 35-year-old specimens showed better antioxidant activities and higher phenolic contents, followed by the 25-and 15-year-old specimens tested. This reveals that the composition of extracts and their differential antioxidant activities are dependent on the age of A. confusa. In addition, the total phenolic content of A. confusa ethanolic extracts has a high positive correlation with the DPPH free-radical scavenging activity (R 2 = 0.83), superoxide radical-scavenging activity (R 2 = 0.66), ferrous ion-chelating effect (R 2 = 0.67), and reducing power (R 2 = 0.92).
The medicinal plant Acacia confusa Merr. (Leguminosae) is widespread in Taiwan [1a] . In our previous studies, we found that crude extracts of 40-year-old A. confusa bark and heartwood have good antioxidant activities [1a-1c] . However, the relationship between the crude extracts with various growth ages and their antioxidant activities are not well understood. Thus in this study a number of in vitro assays were performed to evaluate the antioxidant activities of extracts of A. confusa trees of different ages. Table 1 lists the abbreviations used for the 21 groups of extracts obtained from different parts of 15-, 25-and 35-year-old A. confusa trees. The free-radical scavenging activities of ethanolic extracts were tested using the DPPH, TEAC, and NBT assays. The results show that there were no significant differences between the three leaf extracts (EC 50 = 22.6-23.1 μg mL -1 ; 0.7-0.8 mM; EC 50 = 4.6-4.9 μg mL -1 ), 5 cm-diameter branch-bark extracts (EC 50 = 6.1-9.0 μg mL -1 ; 1.6-1.8 mM; EC 50 = 2.4-3.0 μg mL -1 ) and bark extracts (EC 50 = 4.8-6.8 μg mL -1 ; 1.9-2.3 mM; EC 50 = 0.6-1.9 μg mL -1 ). However, the effectiveness of the twig extracts against DPPH, ABTS
•+ , and superoxide radicals were in the descending order of 35T (EC 50 = 43.4 μg mL -1 ; 0.6 mM; EC 50 = 4.5 μg mL -1 ) > 25T (EC 50 = 55.5 μg mL -1 ; 0.5 mM; EC 50 = 4.7 μg mL -1 ) > 15T (EC 50 = 84.1 μg mL -1 ; 0.4 mM; EC 50 = 11.9 μg mL -1 ). The effectiveness of 2 cm-diameter branch-wood extracts against DPPH, ABTS
•+ , and superoxide radicals were in the descending order of 35B2W (EC 50 = 40.8 μg mL -1 ; 0.6 mM; EC 50 = 5.3 μg mL -1 ) > 25B2W (EC 50 = 63.0 μg mL -1 ; 0.4 mM; > 15B2W (EC 50 = 70.1 μg mL -1 ; 0.4 mM; EC 50 = 18.4 μg mL -1 ). The effectiveness of 5 cm-diameter branchwood extracts against DPPH, ABTS
•+ , and superoxide radicals were in the descending order of 35B5W (EC 50 = 24.7 μg mL -1 ; 0.8 mM; EC 50 = 4.3 μg mL -1 ) > 25B5W (EC 50 = 37.8 μg mL -1 ; 0.7 mM; EC 50 = 4.5 μg mL -1 ) > 15B5W (EC 50 = 37.9 μg mL -1 ; 0.3 mM; EC 50 = 5.8 μg mL -1 ). The effectiveness of 2 cm-diameter branch-bark extracts against DPPH, ABTS
•+ , and superoxide radicals were in the descending order of 35B2B (6.9 μg mL -1 ; 1.6 mM; 2.4 μg mL -1 ) > 25B2B (19.7 μg mL -1 ; 0.9 mM; 4.0 μg mL -1 ) > 15B2B (23.7 μg mL -1 ; 0.7 mM; 4.6 μg mL -1 ). According to the results obtained from DPPH, TEAC, and NBT assays, twig, 2 cm-diameter branchwood, 5 cm-diameter branch-wood, and 2 cm-diameter branch-bark extracts of 35-year-old specimens showed better performances in free-radical scavenging activities, followed by 25-and 15-year-old . These results indicated that twig, 2 cm-diameter branch-wood, 2 cm-diameter branch-bark, and 5 cm-diameter branch-bark extracts of the 35-year-old specimens showed the most effective reducing power, followed by 25-and 15-year-old specimens. In this study, the reducing power of A. confusa extracts is consistent with the results from DPPH, ABTS
•+ , and superoxide radicals-scavenging tests.
The inhibitory activity of the samples was determined by the thiobarbituric acid method, as reported previously [1d] . The leaf, twig, 2 cm-diameter branchbark, 5 cm-diameter branch-bark, and bark extracts showed excellent activity in suppressing lipid peroxidation (EC 50 values less than 200 μg mL -1 ). Of these samples, EC 50 values of twig extracts against lipid peroxidation were in the increasing order of 35T (88.6 μg mL -1 ) < 25T (139.2 μg mL -1 ) < 15T (> 200 μg mL -1 ). EC 50 values of 2 cm-diameter branch-bark extracts were in the increasing order of 25B2B (134.1 μg mL -1 ) < 35B2B (171.9 μg mL -1 ) < 15B2B (> 200 μg mL -1 ). These results indicate that twig and 2 cm-diameter branch-bark extracts of 35-and 25-year old specimens showed better performances on inhibitory lipid peroxidation. However, there were no significant differences between 15-, 25-, and 35-year-old leaf extracts (EC 50 = 70.2-88.5 μg mL -1 ), 5 cm-diameter branch-bark extracts (EC 50 = 92.8-96.8 μg mL -1 ), and bark extracts (EC 50 = 72.5-83.7 μg mL -1 ). This reveals that leaf, 5 cm-diameter branch-bark, and bark extracts of A. confusa at various growth ages have the same inhibitory activity of lipid peroxidation.
The results for the chelating effect of the test samples on ferrous ions showed that for the leaf, 5 cm-diameter branch-bark, and bark extracts there were no significant differences between the 15-, 25-, and 35-year-old samples. However, the EC 50 values of the chelating effect for twig extracts were as follows: 35T (387.6 μg mL -1 ) < 25T (841.7 μg mL -1 ) < 15T (1614.2 μg mL -1 ). EC 50 values for the chelating effect of 2 cm-diameter branch-wood extracts were as follows: 35B2W (694.9 μg mL -1 ) < 25B2W (857.3 μg mL -1 ) < 15B2W (1135.1 μg mL -1 ). EC 50 values for the chelating effect of 5 cmdiameter branch-wood extracts were as follows: 35B5W (712.2 μg mL -1 ) < 25B5W (1156.9 μg mL -1 ) < 15B5W (1211.9 μg mL -1 ). EC 50 values for the chelating effect of 2 cm-diameter branch-bark extracts were as follows: 35B2B (356.7 μg mL -1 ) < 25B2B (508.2 μg mL -1 ) < 15B2B (691.7 μg mL -1 ). According to the results, twig, 2 cm-diameter branch-wood, 5 cm-diameter branchwood, and 2 cm-diameter branch-bark extracts of 35-year-old specimens had the better ferrous ion-chelating effect, followed by 25-and 15-year-old specimens. Comparisons of the results obtained for free-radical scavenging activity and reducing power indicated that the ferrous ion-chelating effect of A. confusa extracts did not correlate with the results from the DPPH, TEAC, NBT, and reducing power assays used to estimate antioxidant capacity. This discrepancy in the antioxidant assays may be due to the different mechanisms of the assays.
Plant phenolics (for example, flavonoids and proanthocyanidins) are generally highly effective freeradical scavengers and antioxidants. From the estimation of phenolic contents it can be observed that the polyphenolics and antioxidant index are a combined measure of the quality and quantity of antioxidants [2] . The contents of total phenolics in the crude extracts were determined spectrometrically according to the Folin-Ciocateu method, and calculated as gallic acid equivalents (GAE). The total phenolic contents of A. confusa ethanolic extracts were in the decreasing order of 25B (487.9 mg GAE g . These results reveal that the twig, 2 cmdiameter branch-wood, 5 cm-diameter branch-wood, 2 cm-diameter branch-bark, and 5 cm-diameter branchbark extracts of 35-year-old specimens showed higher phenolic contents, followed by 25-and 15-year-old specimens, which were consistent with the free-radical scavenging activities and reducing power results.
The flavonoid and proanthocyanidin contents of the crude extracts, calculated as rutin equivalents (RE) and (+)-catechin equivalents (CE) were measured. Apparently, the total flavonoid contents of 15-, 25-, and 35-year-old A. confusa leaf extracts (113.3-113.9 mg RE g -1 ) and twig extracts (20.7-23.9 mg RE g -1 ) were higher than those of the other plant parts (0.6-4.5 mg RE g -1 ). Furthermore, the proanthocyanidin contents of 15-, 25-, and 35-year-old bark extracts (266.0-331.5 mg CE g -1 ) and 5 cm-diameter branch-bark extracts (136.9-209.2 mg CE g -1 ) were higher than those from the other plant parts. It has been shown that flavonoids and proanthocyanidins have antioxidant activities, and experiments have been conducted to examine the effect of increased flavonoid and proanthocyanidin concentrations on antioxidant activities [3a,3b] . In the present study, only leaf and twig extracts of A. confusa exhibited high flavonoid contents, and their TFC/TPC values ranged from 0.63 to 0.65 and 0.14 to 0.21, respect-tively. Thus, antioxidant activities of both plant parts should be provided by these compounds. However, TFC/TPC values of bark and 5 cm-diameter branch-bark extracts were less than 0.01, whereas their TPAC/TPC values were higher than 0.33 (even up to 0.68). These results imply that the bark and branch-bark extracts have excellent antioxidant properties, which may result from their high proanthocyanidin contents. Chang et al. [3c] reported that the proanthocyanidin contents of bark extracts of Pinus densiflora, P. rigida, and P. radiata were 384, 489, and 404 mg CE g -1 . Comparisons of the aforesaid results indicate that bark extracts have higher proanthocyanidin contents than the other plant parts.
Correlation coefficients for total phenolic, flavonoid, and proanthocyanin contents with the DPPH, NBT, reducing power, and ferrous ion-chelating effect assays show that total phenolic and proanthocyanin contents correlate closely with antioxidant activities (R 2 > 0.66 and R 2 > 0.58). The ratios of flavonoid contents to the antioxidant activities were less than 0.20, indicating that the flavonoids have little effect on the antioxidant capacities of A. confusa extracts. In addition, the total phenolic content of A. confusa ethanolic extracts has a high positive correlation with the DPPH free-radical scavenging activity (R 2 = 0.83), superoxide radicalscavenging activity (R 2 = 0.66), ferrous ion-chelating effect (R 2 = 0.67), and reducing power (R 2 = 0.92). Kedage et al. [3d] also reported that the correlation between total phenolic contents and antioxidant activity has been widely studied in different foodstuffs. Furthermore, antioxidant activities of extracts are correlated to their phenolic contents, and it is proposed that phenolic compounds from A. confusa extracts may play an important role in their antioxidant activities.
The present study indicates that twig, 2 cm-diameter branch-wood, 2 cm-diameter branch-bark, and 5 cmdiameter branch-wood extracts of 35-year-old specimens showed better performance in antioxidant activity tests and had higher phenolic contents, followed by 25-and 15-year-old specimens. This reveals that A. confusa extracts obtained from various growth ages contain different contents of active constituents with different antioxidant activities. With different growth ages, some secondary metabolism changes may take place in different plant parts such as twigs, young branch-barks and branch-woods. The ethanolic extracts from 35-year-old A. confusa may be used as a potential natural antioxidant, especially from bark and 5 cmdiameter branch-bark.
Experimental
Plant material and Extraction: The barks, twigs, branches, and leaves of 15-, 25-, and 35-year-old A. confusa were sampled from the experimental forest of the National Taiwan University in Nan-Tou County during mid March 2008. The species was identified by Mr Sheng-You Lu of the Taiwan Forestry Research Institute, and a voucher specimen (AC002, AC003, and AC004) was deposited at the School of Forestry and Resource Conservation, National Taiwan University. The branches were divided into small branches (1.8-2.2 cm-diameter) and large branches (4.8-5.2 cm-diameter). These materials were air dried at ambient temperature (25 o C) and refrigerated at -4 o C prior to treatments. All specimens were cut into small pieces and soaked in ethanol at ambient temperature for 7 days. The extracts were decanted and filtered through Whatman No.2 filter paper. The filtrates were concentrated in a rotary evaporator and then lyophilized. The extracts were stored in an airtight container at -80 o C prior to further analysis. In total, 21 groups of extracts were studied (Table 1) .
Antioxidant assays:
The DPPH radical-scavenging activity of the test samples was examined according to the method reported by Tung et al. [2] . Total antioxidant capacity by Trolox equivalent antioxidant capacity (TEAC) was determined following the procedure described by Tung et al. [3e] , using Trolox as a standard. (+)-Catechin was used as the positive control. Three replicates were made for each test sample. The TEAC value of the sample was expre-ssed as Trolox equivalents (mM per 0.5 mg mL -1 extract). Measurement of superoxide radical-scavenging activity was carried out according to the method of Tung et al. [2] . Reducing power assay was conducted according to the method described by Tung et al. [2] , using (+)-catechin as the standard. Three replicates were made for each test sample. The reducing power of extracts was expressed as (+)-catechin equivalents (CE) in mg per g sample. Anti-FeCl 3 -ascorbic acid-stimulated lipid peroxidation in liposomes was determined according to the method of Duh et al. [1d] . The ferrous ion-chelating potential of the test samples was evaluated following the method of Chua et al. [3f] .
Determination of total phenolic and total flavonoid contents: Total phenolic contents were determined according to the Folin-Ciocalteu method, using gallic acid as the standard [4a] . Total flavonoid contents were determined by the AlCl 3 method, using rutin as the standard [4b] . Three replicates were made for each test sample. The total flavonoid contents were expressed as rutin equivalents (RE) in mg per g sample. Total proanthocyanidin contents of test samples were determined by the vanillin-H 2 SO 4 assay, using (+)-catechin as the standard [4c]. Three replicates were made for each test sample. The proanthocyanidin contents were expressed as (+)-catechin equivalents (CE) in mg per g sample.
Statistical analyses: The significance of difference was calculated by Scheffe's test, and results with P < 0.05 were considered statistically significant. Comparisons of total phenolic, flavonoid, and proanthocyanidin contents and antioxidant activities were carried out with Pearson's correlation tests at a 0.01 probability level.
